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INVESTIOATING DIFFUSION 'CBILITY OF ZTRCONIUM IN ZIRCON-
CONIUM-NIOBIUM ALLOYS

by
G. G, Ryabova and P, L. Grusin

Alloys of the zirccriumeniobium system arouse greater zcientific and practical
interest, In rscent years the properties of alloys of this system have been investirpted
by many researchers, Zirconium allgys were found with small additions of niobium, allcys
with properties, satisfactory for application of these alloys in the construction of
reactors %., 2]. as vell as allqys with higher niobium content,charccterized by excellent
fire and heat resistance [2.3]

Zirc. lum and nicbium - hizh melting metals,But 2irconium,in spite of the high
melting point, is distinguished by low heat reasistance, Miobium is characterized by
good heat resistance qualities,

Investigation of diffusion characteristics in a syctem of alloys on the basis of
these two matals is of interest for the purpose of explaining the diffusion mobility
of atams during change over from zirconium,having high diffusion 1:cbility, to niobium,
distinguished, judging by its heat rosistance,by slow mobility of atcms,

To investigation diffusion of zirconium in zirconjumsniobium allcys were melted
allays of the following niobium content (weight )t 13 23 35 73 20; 35; 70; 90 and
100, In role »>f basic material for the preperation of allays was used iocdide low-hat-
nium zirconium and niobium,containing the following admixtures (weight Z)s Ta-1;

C=0,09; Cr=0,1; O=0,05; B = 0,003; N = 0,03,

The alloys were melted in an MiFl=9=3 type arc furnace with tungsten electrode
and water cooled crucible in an atmocphere of purified argon,For additional purifi-
cation of furnace chamber from gases prior to melting the ~llgys the getter was e}
to.i saveral tives, Uniform distridution of elements in the allgys was attained by

repoatod refourding (8-15 times) without disturbing the hermatlicity of the £--nace,
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Bars of casted allqys containing up to 20% of nicbium were subjectel to hor for
ging in opea air 2% a temperature of 900=720°C and to grinding to remove the layer
of sccles, and then cut into sarples with a dirmensi.n of 3X8X15 rm, At a more than 203
niobium ccntent in the allay the samples wrehmemred fron casted alloys,

The obtained samples were subjected to hauogenizing annealing at 1200°C for a per—
iod of 10 hrs and at 1,00°C far a period of 24 hours (alloys containing less than 20%
niobiuvm, Annealings at 1200°C were carried cu® in a quartz tube,pumped out to a - es-
sure of 1;10"" rm Hg, placing it in a tutular resistance furnace. Alloys with gr.ater
niobium content were annealed in a TVV-4 type furnace at a remanent oressure of 1310"‘
m Hg,

After homogenizing annealing on the saales was a_pli-»1 a layer of radicactive
zirconiua isotope 27:95 in a special vacyum installation, T xness of the layer
was tens of fractions of a micron, The thiciness uniforadty of the élusted on layer
was checked by taking an autoraiiogram froa samples directly after the dmsting on the
radicactive isotope,

After the duating on th2 samples, placed in pairs with the radioactive surface
invard, we bound by a molybdemm wire and sudje-ted to diffusion annealing in vacuum
at corresponding temperatures, Together with the samples were wrapped in foil zirco-—
nium shavings, serveing as getter. In table 1 are given d: on temperature aml time
of exposure of diffusion annealings of zirconium/niobium allays,

Table 1, Data on temperature and duration of exposure of diffusion anncalings
of zircoaiun/niobium alloys

Allay __ Excosure tive (irs) at a temperature °C_

i “gn lmlllm‘ l.‘"!l”;lﬁ':l“ll'ﬂ'l“ll“ |7“‘ |”f"m
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r-+7.3% SR RN o B I
20 2% Nb nisfelatl 7 o7 RN I B
Zr -35%Nbd ~i15] 8| -8} - B
Zr “50%Nb B R 4'3.§ 5 2 N
Zr -70°Nb |- e e 3ale| 2 —1=1:

' ‘ |l |
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After the anncalings the diffusion coefficlents were l:ternined by tiue method of
removing a layer ani ;measuring the integral radiocactivity of the remains of the sampe
le, introduced by P.L.Gruzin[l;] .

In tatles 2=l are given exrerimentally found zirconius diffusica cocefficients fo the
investicated alloys. On the basis of temperature derendence of 3iffusion coefficients
were chtained activation ensrgy values for zirconium diffusion cnld preex: oneatial multi-
:lier values corresponding to them (Tadle 2-j).

Table 2, Zirconiuz diffusion parameters for zirconium/niohium allays

Alloy Difiusion coefficient (cx’-see™t «
at_temne-ature,®C NF\_
D, by B
- - e - cwd-cox”! .:_'d
] I e o | e | e e SEY
! . ]
Y- S 510°i95.10%| 3-j0-s 10"! — Jy7.m8}
Zr: 1% \b 1510 |65 10 [ 21100 35'.::l0* i :fg
Zr - 2% N\bi 15-100%) 7-10*117-10° [43.10° | — | 47-10%] 280
Zr — 73% \b 15-100°56.1011.10° 126100 | — | 43.104] 355
Zr < 2% \b 3g 10113100 [28.10% | To-100 | — | 7-10 | 25
Z -3 b — #3610 1310 {53- 1070 18. 109 9100 | 485
Table 3, Zircorium diffusion parameiers for zirconium/nioziun allays
Alloy Diffusion coefficients (cfesec ) ; E
at temperature °C o HRS
———— c-'-;s" 3
'naltn!lmllallu' ':2
_ B i 4 ' 2
- 50%, Nb 'l.s.m—-'u-ur'- 10-10-* {21-100 | 47-10- | 59.10%, 52
- 708 \b |.s-|u-"||.-.'-|o-" At l3sioe] 10 | 27 10| 38
Tedle 4. circcnium & fiusion paramoters in zirconium/niobium alloys
Alloy Diffusion coefficients (caf.sec t) ‘ T ;4
at tenperature °C oo, ! i
T . et eom” § *}
J o | e e o em | aw | i
Zr . %09, X 30 — 'z'-w'-!a'-w*!l,ss.lo-- 1200t 72
- b.l~|0"3| z-w-"iu.lo-wl 26-1- @ %
[] H

In fig.l are given concentrational d:, :ndences of zirconiuna diffusioa ccefficients
in allcys for temperatures of 1000, 1200 and 1600°C, It is .~ident from the graths
that the diffusion mobility of zirconiunm alloys ch.nges in de, :rlonce upon the nio-

biun concentration in the alloys, Dif “usiocn nobility of zirconiun atcis decreasos
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gredually with a rise in nictium up to 507, ani then Tollows a sharp drop in the
diffusion coefficient maznitude, And so tha coefficieats of zircoaium diffusion at 1200°C
decrease by approximotely one and one half orders in alloys fram pure zirconium to
an alloy with 507 zircoaiun and 507 niobiun ani vy four rouers in z2lloys wi.t!; an up
to 59% niobium content to pure niobiune

Tae structural diagram of zirconiun/ricbium alloys has a ninirmm 2long the solie
dus curve in the field of compositions of a;Ireximatly 20 to 39% niobiuufj). Dut
on the curce of the concentrational coefficienis of diffusion on tie side of zireco
nium a recuction inrelti:g point of the allgys is not accompanied by a rise in dirfu-
sion mobility of zirconium atams. On the side of niobium with a reducticn in the

melting point of the alloys the diffusion mobility of zirc. “ium atams increasss,
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FigeleConcentrational dependence of diffusion ccefficients of zirconium
in zirconium/niobium alloys; a~dif:usion coefficicnt; b.aiobium contentes,

Ze have obtained results on the diffusicn of niobium in zircoaium, In conacction
with the ahsence of metallic artificial radicactives niobium iootora, Nb95. w3 used in
)P experiments a riobiva isoi>pe in form of niobium cxala®a Nb%. After this solu~
tion has baen cheufcally procescad oa t-°3 sadples was applicd a layer of niobivm
oaxids, containing Nb”. Consequeatly st- liatzously ith the difmsioi\ of niobium
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in zirconium, apparently, tock plece diffusion of oxygen, which night have exerted a
certain influence on the diffusion of niobium in zirconium, Cbiained data are listed in
table 5. The coefficients of diffusion of niobium in zirconium are close in magnitude
to the coefficicnts of autodiffusion of zirconiume

Table 5, Parameters of niobium diffusiom in zircoaium

Alloy “Diffusion coefficients (ci’/sec)
at temperatures,®C _
| o, .
——— e - e."m XRd1/8-am
T o | 1oo 1200 I dl

I

6,23-10-1 I 1,47-10° |
. i

39-10°* | 2210 I

By canparing the coefficients of diffusion of zirconium in niobium and niobium in
zirconium is evident, that, for example, for a terperature of 1200°C the di“fusion

coefficients differ by more than 6 magnitudes.

q 1 I Calculation of zirconiua diffusion coef=
0 g
® x ficients for alloys showed,that at mslting
/
}{,, 3 points all alloyz have a diffusion coeffi-
chu r cient of the magnitude of 1()'8 orf see™},
50 T
1 The melting poirnt of alloys was taken on ths
“ )
P
» 2 basig of the siructural diagran of the
» - r + - » zirconium/niobiun systhj] .
ﬁﬂbﬁa ConTi .\ TCrcmemue moben, bec.%

Tae concentraticnal dependence of activa-

tion energy for zirconium diffusion i3 shown
Fige24Concentrational dependence of actd
vation energy of zirconium diffusion in  in fig.2¢The activation energy of zirconium
zirconium/niobium alloyss x~-results of gi-
ven axperimentj @ = results of experirments diffusion rises with the incrcase in nio~
6
by[] bium content in the alloys, A rise in diffusion

activation onergy with simultunecus reduction of 4°“Iusion mobility in alloys indicce
tes a strengthaning of the' interataiic bond in the erystalline latiice of zirconiume
This i3 also confirmed by data about the change in elasticity noltlus of the allays

in the zirconium/niobiun system, obtained by E‘] °
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In ths experinment ‘:6] was exarined the diffusicn riobility of czirconium in circo-
niun 21loys with a niobium content of 23 5; 10 percentages by weighte The activation
energy vilues of zirconiua dififucion in thece alloys are plotted on oraph fige2, and
are in confor:dty wita values,obtained in the given experiment,

The mgnitude of ac._vation energy of zirconiuvm :1f-diffucion, obiained in thg
clven experimmt, ejuals 30,5 cal/ceatm. In other experitieats E;,?,B] are civer acti-
vation energy values for self difiusior of zirconium, di.fering from the previous one,
The 2isecrepancy in activation energy values for self-diffusion of zirconium is connec-
ted, apparently, with the influence of the siructural factor on diffusion mobility
of zircoriur, As result of alpha —) beta=couversicn of zirconium when heated in beotae
rhase crystals is retained a greater acount of intragremlar separaticn suriaces,
facilitzting the cccwrrence of diffusion rocesses, ‘--'e{B as well ast‘ll shoved that the
elirinaticn of the cffect of intragrorular separation surfaces lcads to a rise iz ac-

tivation encrgy for sslf-diffusion of zir'coniw: to 38{7} and 47 kca]./g.atm[B] .

_ In fige3eis shown the ccncentraticnzl de-—-
; B 17 - pendence 1gDg,calculated in accordance

g; with experimental data. Fo:‘difﬁ::ion of zir-
'y ceniun in rdobium the vzine Dg=0,1 anz/ see
rg\

» ) » » ™ appears to be conventicnnl for netals, For
CoXpmanve muskes, bec. % ‘.

the diffusion of ricbium in zirconium this
Fig.3eConcerntrational dependeace 1gh, - 1
for diffusion of zirconium in zirconium/ . lue oquals 2,2°10 ¥ crfsec™® as wcll as
niobium allcys, a - Niobium content,
for self=iiffusicn of zircocium (Do=10'l'
cnzsec-l). v«% small, It ic evident fron fige3, that with the rise in niobium c.ntent
in allays the pree:xyonential rmltiplier D, incr.uases,

The ovtained experimental data oa tie weasurement of the d {Tusion cocfficient
of zirconium in zirconiwn~niobiun alloys,sctivaticn ener;y of diffusion and ;veex;o-
nential rultiplier showed, that all these values derond uryon ihe concentration of

elements in tiie alloy-. Yith a rise in niobium content in zirconiwi clloys is cbaere
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ved an increase in activation energr volue for the diffusion of zirccnium Q and Do'
Simltznecusly with these is obcerved s reducticn in diffusion mobility of
zirecrium atcns,

In taic way, in the zcne of existence of cortiinous solid solutiocns in the zirconiume
niobium system is observed a smooth change of 21l diffusion parameters of zirconium
with a rice iz nictium content,

cdobium alloying of zirccrium hampers the cccurrence of diffucion procecses in zir-
ccniunmg cirengthens the force of the bond betucen atums in the crystalline lattice.
%ith this, aprarently , is coimnected the rise ir heat resisiance of zirconium in allgys

with niobium,
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